The number of haplotypes (h), private haplotypes (Np), haplotype diversity (Hd), and 203 nucleotide diversity (π) were calculated for the COI. Haplotype richness (Hk) was also 204 calculated after rarefaction (to the minimum sample size) with the software Contrib 1.02 205 (Petit et al., 1998) (http://www1.montpellier.inra.fr/CBGP/software/FreeNA/). In most cases, the corrections 232 only affected the third decimal place in the F ST values and they did not affect their 233 significance. Consequently, the effect of presence of null alleles was not considered in further 234
analyses. The fit to a pattern of isolation by geographical distance across the north-east 235
Atlantic and Mediterranean area, including the two mitochondrial lineages, was tested in 236
Arlequin using the Mantel test procedure with 16,000 permutations. Ф ST matrices of COI and 237 F ST of microsatellites were represented in a multidimensional scaling graph performed with 238 Systat 9. A discriminant analysis of principal components (DAPC) was also applied for the 239 microsatellite dataset to assess genetic structure using populations as groups with the 240 "adegenet" package (Jombart et al. 2010) in R 3.2.1 (R Core Team, 2014) . 241
The demographic history of Marthasterias in the Northern Hemisphere was inferred 242 from the COI. We a priori tested demographic processes and genetic differences across 243 marine ecoregions, as the smaller homogeneous biogeographic units, and lineages using 244 coalescent-based Bayesian skyline plots (BSP) in BEAST (see details in Appendix S1). 245
To explore historical migration across the Gibraltar Strait analyses of gene flow were 246 performed between the South European Atlantic Shelf and the Western Mediterranean regions 247 using Lamarc 2.1.9 (http://evolution.genetics.washington.edu/lamarc/index.html) with COI. 248
This Bayesian approach based on coalescence is computational highly demanding, 249 consequently we clustered all populations from the South European Atlantic Shelf in one 250 group and the Western Mediterranean in another. They could not be properly applied for 251 microsatellites due to the difficulties to reach coalescence. Our search strategy in Lamarc11 2.1.9 is detailed in Appendix S1. 253
254

RESULTS
256
Phylogeny and phylogeography 257
A total of 261 new DNA sequences were generated in this study (see Table 1 ), and 258 283 specimens were genotyped using microsatellites. A subset from the total collection was 259 selected, and 55 sequences of the 16S, 55 of the CR, and 39 of ITS1 were obtained from 260 specimens of different marine ecoregions. Genetic diversity descriptors obtained for every 261 fragment are summarized in Table 2 . Divergence between genetic lineages varied when different markers were compared 280 (Table 3) . Results showed an earlier split between Lineage III and an ancestor of Lineage I 281 and Lineage II according to the mitochondrial concatenated tree (Appendix S2), but this 282 relationship was not fully consistent with results using markers separately (Appendix S3). Table 4 and Appendix 291 S1. Deviation from the HWE is likely due to high levels of inbreeding as observed in other 292 marine benthic invertebrates. According to FreeNA null alleles did not have large effect on 293 the genetic differentiation observed. Mixing of different cohort ages could not largely cause 294 deviation from the HWE since all specimens collected within sites were in the same size 295 range, and substructuring within populations was not detected in the Bayesian analysis 296 explained below. 297
The Bayesian analysis of populations based on microsatellite genotypes, attributed the 298 best value of K to three genetic clusters. The assignment of individuals to each of the three 299 clusters showed a general pattern of panmixia ( Fig. 3 ) with no evidences of large genetic 300 breaks. Only the populations of Sagres, São Vicente and Madeira displayed a large proportion 301 of individuals assigned to a specific cluster (Fig. 3a and Fig.1b) . The second run did not detect13 any clustering of the Mediterranean specimens related to the mitochondrial lineages (Fig. 3b) . 303
Analysis of molecular variance showed significant differences among ecoregions for 304 the COI (Ф CT = 0.132, P = 0.00) but not for microsatellites (F CT = -0.009, P = 0.661). 305
Significant differences among populations within ecoregions were found for both types of 306 markers (Ф SC = 0.016 and 0.0063, respectively for COI and microsatellites, P < 0.001) ( Table  307 5). Most F ST pairwise comparisons between populations were significant (see Table 6 ). and Madeira appeared genetically distant from other populations (Fig. 4a) . 50  100  150  200  250  300  50  100  150  200  250  300  50  100  150  200  250  300 Posterior probability 
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48
Forward primers for each locus were labelled with fluorescent dyes (Applied Biosystems) (see table   49 below) and used in a 7:3 proportion with unlabelled forward primer. PCR parameters were: 5 min proportional to the number of samples analysed. 158
